Functional identification of oleate 12-desaturase and ω-3 fatty acid desaturase genes from Perilla frutescens var. frutescens.
We described identification, expression, subcellular localization, and functions of genes that encode fatty acid desaturase enzymes in Perilla frutescens var. frutescens. Perilla (Perilla frutescens var. frutescens) seeds contain approximately 40 % of oil, of which α-linolenic acid (18:3) comprise more than 60 % in seed oil and 56 % of total fatty acids (FAs) in leaf, respectively. In perilla, endoplasmic reticulum (ER)-localized and chloroplast-localized ω-3 FA desaturase genes (PfrFAD3 and PfrFAD7, respectively) have already been reported, however, microsomal oleate 12-desaturase gene (PfrFAD2) has not yet. Here, four perilla FA desaturase genes, PfrFAD2-1, PfrFAD2-2, PfrFAD3-2 and PfrFAD7-2, were newly identified and characterized using random amplification of complementary DNA ends and sequence data from RNAseq analysis, respectively. According to the data of transcriptome and gene cloning, perilla expresses two PfrFAD2 and PfrFAD3 genes, respectively, coding for proteins that possess three histidine boxes, transmembrane domains, and an ER retrieval motif at its C-terminal, and two chloroplast-localized ω-3 FA desaturase genes, PfrFAD7-1 and PfrFAD7-2. Arabidopsis protoplasts transformed with perilla genes fused to green fluorescence protein gene demonstrated that PfrFAD2-1 and PfrFAD3-2 were localized in the ER, and PfrFAD7-1 and PfrFAD7-2 were localized in the chloroplasts. PfrFAD2 and perilla ω-3 FA desaturases were functional in budding yeast (Saccharomyces cerevisiae) indicated by the presence of 18:2 and 16:2 in yeast harboring the PfrFAD2 gene. 18:2 supplementation of yeast harboring ω-3 FA desaturase gene led to the production of 18:3. Therefore, perilla expresses two functional FAD2 and FAD3 genes, and two chloroplast-localized ω-3 FA desaturase genes, which support an evidence that P. frutescens cultivar is allotetraploid plant.